Hospital-acquired pneumonia (HAP) is the second most common nosocomial infection in the critically ill patient and is associated with the greatest mortality and increased morbidity and cost of care. The major risk factor for the development of HAP in intensive care is the occurrence of intubation and mechanical ventilation, giving rise to the term ventilator-associated pneumonia (VAP). Incidence of VAP varies in different populations of critically ill patients and generally ranges from 9 to 20%, with an overall rate of 10 to 15 cases per 1,000 ventilator days. The cumulative risk of developing VAP is ~1% per day of mechanical ventilation (MV). The crude mortality rate of VAP is 60% and the estimates of attributable risk range from 27 to 43%. Mortality from VAP is influenced by host factors, the virulence of the pathogens, and the adequacy of initial antimicrobial therapy. The etiologic agents for VAP differ according to the population studied, duration of hospital stay, time after intubation, and prior antimicrobial therapy. Risk factors include nonmodifiable factors like age, chronic obstructive pulmonary disease, severe head trauma, and multiple trauma, and modifiable factors like large volume gastric aspiration, duration of MV, elevated gastric pH, histamine type 2 blocker therapy, ventilator circuit change frequency, self-extubation, and reintubation. The impact that diagnosis using invasive diagnostic techniques may have on the epidemiological characteristics of VAP are unknown, but may potentially reduce problems resulting from misclassification of this entity.
The pathogenesis of VAP requires bacterial colonization of the aerodigestive tract and the aspiration of contaminated secretions into the lower airways. Insertion of the endotracheal tube not only compromises the natural barrier between oropharynx and trachea, but may also facilitate the pooling and leakage of the contaminated secretions around the endotracheal tube cuff, and finally entry of bacteria into the lung. 12 Several other factors such as supine position, frequency of ventilator circuit change, tracheal suctioning, and contaminated respiratory care equipment are additional risk factors for aspiration of these contaminated secretions. The role of the gastrointestinal tract as a source of oropharyngeal and tracheal colonization remains controversial. [13] [14] [15] Several studies have shown a sequence of events leading to colonization from the stomach to the trachea, with increasing frequency in direct correlation to the gastric pH-27 to 45% of patients have primary colonization of the gastric juice and subsequent colonization of the tracheobronchial tree ϳ2 days later. [16] [17] [18] [19] In addition, other studies have shown, by means of various diagnostic techniques, that the gastric juice of intubated patients is aspirated into the tracheobronchial tree within a few hours. [20] [21] [22] [23] In contrast, some studies failed to show that the gastropulmonary route of infection is important for development of VAP. 13, 24, 25 For example, in a study by de Latorre et al, 19 of 72 patients developed tracheal colonization after pharyngeal or gastric colonization by the same organisms. In 10 of 12 patients who developed VAP, the microorganisms responsible had already colonized the trachea, but only 10 of the 21 responsible microorganisms isolated from VAP had previously colonized the pharynx or stomach. 24 Furthermore, the use of antimicrobial therapy to eliminate gastric organism reservoirs has generally failed to prevent VAP. 26, 27 Thus, the relationship between VAP and tracheal, pharyngeal, and gastric colonization remains to be defined for intubated patients on mechanical ventilation. Hospital-acquired pneumonia (HAP) is defined as parenchymal lung infection occurring more than 48 hours after admission to the hospital. Most cases of HAP are associated with use of mechanical ventilation, although some cases occur in absence of this risk. 1 Associated factors in nonventilated patients include outbreaks associated with bronchoscopy, 2 noninvasive ventilation, 3 and superinfection with bacteria after initial viral infection (for example, when pneumonia due to Staphylococcus aureus follows hospitalization for pneumonia due to influenza virus A). 4 Aspiration of oropharyngeal contents represents a hazard for hospitalized patients whether they are intubated or not. 5 Patients who have undergone surgery may develop pneumonia regardless of whether their intubation during surgery required further ventilator assistance. 6 According to surveillance data from the National Nosocomial Infections Surveillance (NNIS) System, pneumonia is the second most common nosocomial (hospital-associated) infection in the intensive care unit (ICU), accounting for 27% of all nosocomial infections in ICUs, and 86% of all HAP was associated with mechanical ventilation 7 (Fig. 1) . In the ICU, therefore, the epidemiology and microbiology associated with HAP closely resemble that for ventilator-associated pneumonia (VAP). Thus, the remainder of this article focuses mainly on epidemiology and microbiology of VAP.
VAP is defined as development of clinical signs and symptoms of pneumonia occurring more than 48 hours after intubation and mechanical ventilation. 8 VAP is associated with significant morbidity, hospital cost, and mortality. 7, 9 VAP has been further categorized as early-onset (occurring within the first 4 days of mechanical ventilation) and late-onset (which develops 5 or more days after initiation of mechanical ventilation). 10 The causative organisms and prognosis differ in these two categories; however, this difference is also affected by the hospital stay prior to ICU admission. 10, 11 Downloaded by: Inova Health System. Copyrighted material.
Our understanding of VAP remains limited despite several studies describing different aspects of its epidemiology. The greatest limitation of available reports is the almost uniform reliance on nonspecific clinical and radiographic criteria to define cases of nosocomial pneumonia. 28 Unfortunately, these conventional criteria have been unable to reliably diagnose cases of nosocomial pneumonia that have been confirmed by autopsy, histopathology, or other more stringent diagnostic approaches. Moreover, even criteria for histological diagnosis of pneumonia may not be universally accepted. [29] [30] [31] [32] Estimates of occurrence and of microbiology are hindered by these problems with diagnosis.
Currently, there is no well-accepted "gold standard" for diagnosis, but rather, there are a variety of diagnostic procedures with variable sensitivity and specificity. 33, 34 The variability in diagnostic accuracy has fueled controversies for the last 2 decades on the role of invasive diagnostic techniques for establishing VAP. Bronchoscopy with the use of bronchoalveolar lavage (BAL) or protected specimen brush (PSB) has greater specificity than a clinical diagnosis. 33, 34 Nonbronchoscopic methods, such as blinded BAL or quantitative endotracheal aspiration, with and without use of a clinical pulmonary infection score, are more specific than clinical diagnosis. [33] [34] [35] Invasive diagnostic techniques for bacteriological confirmation of suspected VAP are thought to have potential promise. 36 Regardless of the diagnostic method used, the American Thoracic Society, in a consensus statement, suggested empiric initial therapy based on the severity of the patient's disease and the stage of onset, using antibiotics to cover certain pathogens in patients with specific risk factors. 12 This extensive use of empiric treatment hinders true classification of a patient as having pneumonia, interferes with assessment of the true microbiological picture, promotes selection of multiple drug-resistant pathogens, and increases hospital costs.
With these limitations in mind, this discussion will provide an update on epidemiological considerations on nosocomial pneumonia in intubated and mechanically ventilated patients. The issues discussed in this review include the incidence, mortality, morbidity, economic impact, microbiology, and risk factors.
INCIDENCE
The incidence of VAP varies by type of ICU and among different critically ill patient populations. The data from NNIS and a similar study from Europe suggested that the majority of ICU infections are associated with mechanical ventilation. 7, 9 Over a decade ago, the European Prevalence of Infection in Intensive Care (EPIC) study revealed that almost 50% of prevalent ICU infections were VAP. 9 Other studies have shown that VAP accounted for more than 50% of nosocomial infections in mechanically ventilated patients. 37, 38 Rates of pneumonia are increased six-to 21-fold for intubated patients and show a further rise with the duration of mechanical ventilation. [39] [40] [41] [42] The incidence of VAP ranges from six to 52 cases per 100 patients, depending upon the population studied. 37, 40, [43] [44] [45] [46] Crude rates of VAP are usually 1 to 3% per day of intubation and mechanical ventilation. 47 In a study by the Canadian Critical Care Trials Group, 177/1014 (17.5%) of patients developed VAP 9.0 ± 5.9 days after ICU admission (median 7 days, interquartile range 5, 10 days). The risk of developing VAP increased cumulatively, with an overall rate of 14.8 cases per 1000 ventilator days. These investigators found that the VAP rates were 3% per day for the first week of ventilation and decreased to 2% per day in the second week of ventilation and 1% per day in the third week and thereafter. This decreasing hazard suggested a high risk of early VAP and low risk of developing VAP in long-term residents of the ICU. In contrast, however, other studies have shown that the incremental risk of developing pneumonia is virtually constant throughout hospital stay and is around 1% per day of mechanical ventilation. For example, in a study by Fagon and coworkers, the actuarial risk of VAP was 6.5% at 10 days, 19% at 20 days, and 28% at 30 days of ventilation. 48 In the NNIS study, rates of VAP varied from five cases per 1000 ventilator days in pediatric patients to 16 cases per 1000 ventilator days in patients with thermal injury and trauma. 7 Rates of VAP are generally higher in surgical ICU patients than in medical ICU patients. 35, 45 In a study by Kollef, 35 VAP occurred more often in cardiothoracic patients (21.6%) compared with surgical patients (14%) and medical patients (9.3%) (Fig. 2) .
The NNIS data analysis, which allows hospitals to compare the rates of nosocomial infections in their institution to national experience, is an important infection control tool. For example, infection control surveillance data for VAP from our institution, Crawford W. Long Hospital, a community hospital with academic affiliation in Atlanta, Georgia, has shown the rate of VAP to be 11 cases per 1000 ventilator days in cardiothoracic patients, seven cases per 1000 ventilator days in the surgical patients, and eight cases per 1000 ventilator days in the medical ICU patients over the last 1-year period. Comparing these rates with the NNIS standard (Fig. 3) assists in focusing the implementation of infection control measures in the two ICUs where local rates equal or exceed those reported by NNIS.
How does employing invasive diagnostic techniques change the epidemiological landscape of VAP? The impacts that BAL or PSB may have on these estimates of occurrence are unclear. In general, the incidence of VAP in studies in which invasive diagnostic methods are used is lower when compared with rates in those studies in which the diagnosis is made by clinical criteria alone (Fig. 4) (Table 1) . 35, 44, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] 
Figure 2
Incidence rates of different critically ill patient populations. Adapted from Kollef. 35 Based on the data presented, it appears that the incidence of VAP varies in different critically ill patient populations, and generally ranges from 9 to 20%, even with the use of stringent diagnostic criteria. Depending on the population studied, overall rates can also be expressed as about 10 to 15 cases per 1000 ventilator days for ICU patients. The cumulative risk of developing VAP is around 1% per day of mechanical ventilation.
MORTALITY
Nosocomial pneumonia in intubated and mechanically ventilated ICU patients is not only common, but is also associated with significant morbidity and mortality. 8 Crude mortality rates are generally higher in patients with VAP than in those without VAP. 58, 59 Although urinary tract infections are the most common nosocomial infections, their attributable mortality rate is usually less than 4%. In comparison, the attributable mortality impact of nosocomial pneumonia is much higher-up to 27%. 58 The mortality rate appears to be two-to 10-fold higher in patients with VAP than in those without VAP. 40, 44, 53, 60 In a case-control study of 200 patients who died in the hospital, nosocomial pneumonia was a contributing factor in 60% of patients with infectionrelated mortality. In addition, a review of 1000 autopsy reports showed that pneumonia was associated with 7.5% of the deaths and was the most common nosocomial infection contributing to death. 61, 62 There are data to suggest that mortality rates associated with VAP are linked to the bacterial organism recovered. Mortality rates in patients with VAP associated with isolation of aerobic gram-negative bacilli (GNB), especially nonfermenters, are considerably higher than those for infections associated with recovery of other gram negative and gram-positive pathogens. 48, 63, 64 In one study, death rate attributed to Pseudomonas aeruginosa or Acinetobacter pneumonia was 87%, compared with a death rate of 55% in pneumonias attributed to other organisms. 48 Similarly, in a study by Kollef and coworkers, patients with VAP associated with high-risk pathogens (P. aeruginosa, Acinetobacter spp., and Stenotrophomonas maltophilia) had a mortality rate (65%) that was significantly higher than that of patients with late onset VAP due to other organisms (31%) or patients without late onset VAP (37%). 63 In a study by Rello and coworkers, mortality due to VAP caused by methicillin-resistant Staphylococcus aureus (MRSA) was found to be 86% as compared with 12% mortality in VAP associated with methicillin-sensitive strains of Staphylococcus aureus (MSSA). 65 In contrast to crude mortality rates, Fagon et al demonstrated that the mortality rate attributable to VAP ("attributable mortality"), using a case-control methodology, was 27%, and the risk ratio for death was 2.0. 58 Again, the mortality rate increased to 43% when the causative agent was P. aeruginosa or Acinetobacter spp. (the risk ratio was 2.5). 58 Attributable mortality also depends on the type of patient population studied. 35, 66 For example, in a study by the Canadian Critical Care Trials group, the attributable mortality was higher for medical patients than for surgical patients. 66 There are data to suggest that mortality can be altered by the type of diagnostic technique utilized. A study by Fagon et al evaluated the efficacy of an invasive strategy utilizing both PSB and BAL compared with the traditional, noninvasive strategy. 36 The invasive management strategy was based on direct examination of bronchoscopic PSB samples or BAL samples and their quantitative cultures. The noninvasive (clinical) management strategy was based on clinical criteria, isolation of microorganisms by nonquantitative analysis of endotracheal aspirates, and clinical practice guidelines. These investigators found that those patients who received invasive management had reduced mortality at day 14 (16.2%) compared with patients who received clinical management (25.8%). Patients in the invasive strategy group also had decreased organ dysfunction, more antibiotic-free days, and less colonization or infection with candida species. It appeared that a reduction in mortality was conferred because of appropriate initial antibiotic selection based upon a more accurate diagnostic technique. Furthermore, using an invasive strategy resulted in the reduction of misclassification of "true"pneumonia.
Other studies suggest that mortality from VAP is positively influenced by correct diagnosis and appropriate initial antimicrobial treatment. 67 In contrast, several studies have shown increased fatality in VAP associated with inappropriate initial therapy. 43, [67] [68] [69] For example, in a study by Alvarez-Lerma, the attributable mortality and number of patients who developed shock after the onset of VAP were significantly higher for patients with inappropriate initial antimicrobial therapy than for other patients 67 (Fig. 5) .
MORBIDITY AND ECONOMIC IMPACT
Several investigators have reported that nosocomial pneumonia increased the duration of hospitalization twoto threefold compared with patients without pneumonia. 58, 59 In a study by Ibrahim et al, patients who developed VAP had significantly longer stays in the ICU (23.9 days vs 5.9 days) and in the hospital (38.6 days vs 15.2 days) compared with patients without VAP. 59 Also, in the study by Fagon and coworkers, the mean length of stay was 34 days with VAP and 21 days for matched ventilator-assisted patients without VAP. 58 In a study by the Canadian Critical Care Trials group, patients with VAP stayed in the ICU 4.3 days longer and had a trend toward an increase in risk of death. 66 The attributable ICU length of stay was longer for medical than surgical patients (6.5 versus 0.7 days, p < 0.004), and for patients thought to be infected with "high risk" organisms (Pseudomonas species, Acinetobacter, Stenotrophomonas, and MRSA) as compared with "low risk" organisms (all others) (9.1 versus 2.9 days).
Although more specific data are needed, hospital costs appear to be dramatically increased in survivors of nosocomial pneumonia. A precise evaluation of such costs associated with VAP is difficult, as it depends on a wide variety of factors that differ from one hospital to another, one country to another, and so forth. The average excess hospital charges for nosocomial pneumonia was estimated to be US$1255 per patient in 1982 in a study by Pinner and coworkers, 70 and US$2863 per patient in 1985 in another study by Beyt and coworkers. 71 A study by Croce and coworkers in a trauma ICU suggested that discontinuing antibiotics after negative bronchoscopic cultures could lead to savings of more than US$1700 per patient with suspected VAP. 72 
MICROBIOLOGY
The bacteria recovered from patients with VAP may vary by the method of diagnosis and population studied. About half of VAP cases are polymicrobial, 8 so it is difficult to define the role of individual microorganisms in the genesis of this infection. Nosocomial pathogens may be part of the host's endogenous flora or may be acquired from other patients, staff, devices, or the hospital environment. Early-onset VAP, occurring during the first 4 days of mechanical ventilation, is often associated with recovery of bacteria such as Streptococcus pneumoniae, Hemophilus influenzae, Moraxella catarrhalis, or (uncommonly) anaerobes, especially if the patient has not previously received antibiotics. By comparison, bacteria associated with late-onset VAP, occurring > 4 days after admission, more commonly are Pseudomonas aeruginosa, Acinetobacter or Enterobacter spp., or MRSA (Fig. 6) . Many of the recovered strains of GNB such as P. aeruginosa and Acinetobacter spp., and of gram-positive cocci such as S. aureus, are resistant to many antibiotics.
S. aureus is isolated in approximately 20 to 40% of cases and is particularly common in persons with intravenous drug abuse, neurological disease, thermal injury, or wound infection, and in patients who have received prior antibiotic therapy or have had a prolonged stay in the ICU. Compared to patients with VAP asso- Figure 5 Effect of adequacy of initial antimicrobial therapy on mortality rates for ventilator-associated pneumonia (VAP). 43, [67] [68] [69] Downloaded by: Inova Health System. Copyrighted material. ciated with MSSA, those whose cases are associated with MRSA are often older and significantly more likely to have had previous chronic lung disease, antibiotic therapy, steroid therapy, and > 6 days of mechanical ventilation. Bacteremia, shock, and mortality are usually higher in the MRSA group. 65 As already noted, increased rates of polymicrobial infection in VAP have been shown in several studies. 48, [73] [74] [75] In a study by Fagon et al of 52 consecutive cases of VAP diagnosed by PSB, 40% of the cases were polymicrobial. 48 Aerobic GNB, including Escherichia coli, Klebsiella pneumoniae, Enterobacter spp., Serratia spp., P. aeruginosa, and Acinetobacter spp., are most frequently isolated, particularly in patients with late-onset disease or a serious underlying disease. 48, [73] [74] [75] High rates of H. influenzae, S. pneumoniae, MSSA, or susceptible Enterobacteriaceae were constantly found in early-onset VAP, whereas recovery of P. aeruginosa, Acinetobacter spp., MRSA, and multiresistant GNB was significantly more frequent in late-onset VAP. 12, 76, 77 This different distribution between early-and late-onset VAP is linked to frequent administration of prior antimicrobial therapy before recognition of late-onset VAP. 78 The paradigm of early-onset and late-onset VAP loses its significance in patients who have been on broad spectrum antibiotics prior to inubation and mechanical ventilation.
Potential pathogens like anaerobes, fungi, Legionella, viruses, and even opportunistic pathogens like Pneumocystis carinii are not commonly reported in VAP. [79] [80] [81] [82] However, it is likely that some of these agents are underreported due to difficulties involved in the diagnostic techniques used to identify their presence. The probability of recovering anaerobes is particularly high in patients with aspiration and orotracheal intubation. 79 Interpreting the clinical relevance of a positive culture for fungi poses a problem in mechanically ventilated patients. More frequently, yeasts are isolated from the respiratory tract in the apparent absence of disease. Candida species are very commonly isolated. For example, one study looked at the relevance of isolating Candida spp. from 25 nonneutropenic patients who had been on mechanical ventilation for at least 72 hours. 82 Multiple cultures and biopsy specimens were collected by bronchoscopic techniques soon after the patient's death. Only two patients had evidence of invasive pneumonia, as demonstrated by histologic examination of 10 patients who had at least one biopsy specimen positive for Candida spp. Many of the bronchoscopic procedures yielded positive cultures for Candida spp. but did not contribute to diagnosis of invasive disease. Based on this study, use of bronchoscopic and nonbronchoscopic techniques currently appears to be insufficient for the diagnosis of Candida pneumonia.
RISK FACTORS
Risk factors that are likely to increase the frequency of aspiration, increase the quantity of the microorganism inoculated, impair local respiratory tract defenses, or impair systemic immunity have been demonstrated in several studies of VAP. 11, 35, 37, 39, 44, 47, 53, [83] [84] [85] Factors that might be expected to increase the risk of nosocomial VAP can be divided into two categories: modifiable and nonmodifiable (Table 2) . Modifiable risk factors include duration of mechanical ventilation, large-volume gastric aspiration, alterations in gastric pH, histaminetype 2 receptor blocker or antacid therapy, ventilator circuit changes at 24-hour intervals, positive end-expiratory pressure, reintubation or self-extubation, and tracheostomy, whereas nonmodifiable risk factors include age, chronic obstructive pulmonary disease, severe head trauma, multiple trauma, and fall-winter season. Alteration in gastric pH has been directly associated with gastric colonization by bacteria and subsequent development of VAP. Several studies have shown lower rates for VAP in patients who received sucralfate, a gastroprotective agent, rather than for agents that neutralize gastric secretions (antacids) or block gastric acid secretion (H2 blockers). 50, [85] [86] [87] [88] In a randomized study of 244 mechanically ventilated patients that compared stress ulcer prophylaxis with antacids, ranitidine, or sucralfate, late-onset VAP was observed in only 5% of the patients in the sucralfate group as compared with 16% and 21% in patients who received antacids or ranitidine, respectively. 86 Patients in the sucralfate group also had a lower median gastric pH and less frequent gastric colonization compared with the other groups. Molecular typing showed that 84% of the patients with late-onset, gram-negative bacterial pneumonia had gastric colonization with the same strain before development of VAP. Other investigations have suggested that sucralfate may not be associated with a lower incidence of VAP. 89, 90 In fact, Markowicz et al demonstrated that the use and duration of sucralfate exposure were associated with an increased risk of VAP in a selected acute respiratory distress syndrome (ARDS) population. 90 Prolonged intubation has been associated with persistent tracheal colonization and subsequent pneumonia. The role of early tracheostomy has been controversial in prevention of VAP, with some studies showing benefit [91] [92] [93] and other studies failing to show any benefit. [94] [95] [96] Furthermore, the implementation of noninvasive ventilation has been associated with decreased rates of VAP 3 (Fig. 7) . SUMMARY HAP is the second most common nosocomial infection in the critically ill patient and is associated with the greatest mortality and increased morbidity and cost of care. The major risk factor for the development of HAP is the occurrence of intubation and mechanical ventilation. VAP is the most common cause of nosocomial infection-related mortality. The incidence of VAP varies among different critically ill patient populations. The pathogens causing VAP are most likely to be multiresistant organisms, making empiric antibiotic choices potentially more problematic. Mortality associated with VAP is influenced by the virulence of the causative pathogens, inappropriate initial antimicrobial therapy, Figure 7 Association of noninvasive ventilation with nosocomial pneumonia survival in critically ill patients. Adapted from Girou et al. 3 NIV, noninvasive ventilation; inv vent, invasive ventilation; NI, nosocomial infection; NP, nosocomial pneumonia; ABX, antibiotics; CMR, crude mortality rate.
and host defense mechanisms. VAP is associated with increased ICU stay, hospital stay, and increased cost of care. Risk factors for developing VAP are diverse and include some modifiable risk factors. Targeting the modifiable risk factors may decrease the incidence and mortality related to this common ICU problem. In addition, it may also have an economic impact on the healthcare of the patient. Additional research is needed to further evaluate new preventive strategies and health care-related issues for VAP as well as for other sources of HAP.
